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ABSTRACT 
Our purpose is to predict earthquake disaster in Fukuoka city. A predictive estimation of ground motion requires an 
accurate subsurface structure. But the detailed subsurface structure in the western Fukuoka city was still unknowndue 
to lack of gravity data and uneven distribution of deep boring data. So we conducted densed gravity measurements to 
obtain a detailed Bouguer anomaly map and estimated subsurface structure based on the measured gravity data. We 
used Scintrex CG-3+ and CG-5 relative gravimeters for the gravity measurement and we measured the elevation of the 
measurement point by using network RTK-GPS.As a result of drawing a map, we found a steep slope of Bouguer 
anomaly which runs from west to east across the western Fukuoka city. And we also found out the slope is a boundary 
which divides the area into the granite layer in the south and the Paleogene layer in the north. By the prism modeling 
of the subsurface structure in this area, granite was found in about 30m depth ground level in the south and in about 
250~300m depth in the north. Therefore the depth of the granite is approximately 200~250m deeper on the north side 
of the boundary than that in south. 
 
INTRODUCTION 
The three-year research project, Integrated research 
project for the Kego fault system (southeastern part) , 
which is founded by Ministry of Education,Culture, 
Sports, Science and Technology (MEXT) was started in 
2011. The Kego fault system is an active fault zone 
which is about 55km in length. The fault system consists 
of two parts.One is northwestern part in the sea side 
which caused the 2005 west off Fukuoka prefecture 
earthquake, the other is southeastern part in the inland 
area.There is a high possibility of earthquake activity in 
this region (Research and evaluation committee for the 
Kego fault, 2009).The objective of this research project 
is to make clear the detail of the Kego fault system using 
geological and geophysical survey. A ground motion 
prediction requires an accurate subsurface structure. But 
the detailed subsurface structure in the western Fukuoka 
city was still unknown due to lack of geophysical data 
and deep drilling data.So we conducted densed gravity 
measurements to obtain a detailed bouguer anomaly map 
and estimated subsurface structure based on the 
measured gravity data.Figure 1 shows location map of 
the Kego fault system. 
 
GEOLOGY 
Geology in Fukuoka city, in the order of the 
geological age, consists of Sangun metamorphic 
rocks, granite, Paleogene sediments, basalt and 
Quaternary. Basement rock in Fukuoka city is 
dividedinto two types. North side is Paleogene 
sediments and south side is granite (Karakida et al., 
1994). 
Geology of our research area is divided into three types 
(granite in south-west side and south side, Paleogne, and 
Quaternary layer). Figure 2 shows a geological map in 
Fukuoka city (modified form Karakida et al., 1994). 
Figure 1. Location map of Kego faults  
(The Headquarters for Earthquake Research PromotionLong period 
evaluation of Kego fault, 2007) 
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Figure 2. Geological map in Fukuoka city 
 (modified from Karakida et al.,1994) 
 
GRAVITY SURVEY 
We carried out gravity survey in western part of Fukuoka 
city from September 2011 to March 2012, and measured 
224 points. We usedScintrex CG-3+ and CG-5 
gravimeter. Also the benchmark in West 2 Building of 
Ito Campus, Kyushu University was adopted as the 
gravity reference station. Additionally, the positions of 
measurement points (latitude, longitude and elevation) 
were measured using GPS at the same time. We applied 
VRS-RTK (Virtual reference station - Real time 
kinematic) method for the GPS survey. But VRS-RTK 
method needs more than 5 satellites data in the 
measurement. When we could not get the enough 
satellite data because of the blocking by the buildings, 
we used the elevation value from the 1/2500 maps which 
are published by Fukuoka city and measured the latitude 
and longitude using handy GPS.  
 
BOUGUER ANOMALY MAP 
We measured gravity value at 224 points and the total 
number of measurement points is 2250 (Figure 3). The 
bouguer reduction density ( =2.47g/cm3) was 
determined using ABIC minimization method (Murata, 
1993). The effect of topography was corrected by the 
terrain correction program using a 10m mesh digital 
elevation map (Nishijima, 2009). Figure 4 shows the 
bouguer anomaly map. 
We removed the quadric trend (Figure 5) in order to get 
the anomaly of the shallow underground structure.  
Figure 6 and Figure 7 show the residual bouguermap of 
the whole area and the measured area in this study, 
respectively. 
 
Figure 3. Location map of gravity measurement points. 
 
 
Figure 4.Bouguer anomaly map. 
 
Red dashed lines show faults estimated from geological 
survey. 
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Figure 5.Quadratictrend. 
Red dashed lines show faults estimated from geological 
survey. 
Figure 6.Residual bouguer anomaly map in Fukuoka city. 
Red dashed lines show faults estimated from geological 
survey. 
 
Figure 7. Residual bouguer anomaly map in research area 
Red dashed lines show faults estimated from geological 
survey. 
 
There are two low bouguer anomaly areas. Square A 
area in Figure 7 is the lowest gravity, and the position of 
Square A is located at the same position which is 
estimated location of Kego fault. One the other hand, we 
found a steep slope of bouguer anomaly which runs from 
west to east across the western Fukuoka city in the 
square B. This steep slope is located at the circle in 
Figure 8 and the circle in Figure 9.Figure 9 shows that 
the position of this slope is a boundary which divides the 
area into the granite layer in the south and the Paleogene 
layer in the north. Accordingly, the steep slope in this 
area captures the feature of this boundary. Furthermore, 
there is a possibility that the steep slope runs out because 
east side of this slope isn t measured by gravimeters. 
To estimate the subsurface structure and clear up the 
steep slope, we differentiated second-order residual map 
in vertical and horizontal directions and we drew a first 
vertical derivation map (Figure 10), a secondary vertical 
derivation map (Figure 11) and a first horizontal 
derivation map (Figure 12). 
 
Figure 8. Location of the cross section in western Fukuoka city 
(Karakida et al., 1994) 
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Figure 9. Geological cross section between E and E  in Figure 8 
(Karakida et al.,1994) 
 
 
Figure 10.First vertical derivative map. 
Red dashed lines show faults estimated from geological 
survey. 
 
 
Figure 11. Secondary vertical derivative map 
Red dashed lines show faults estimated from geological 
survey. 
 
 
 
 
 
 
 
 
 
 
Figure 12.First horizontal derivative map. 
Red dashed lines show faults estimated from geological 
survey. 
 
From Figure 10, we found that the positions which are 
estimated location of faults are not located at the same 
position of area which is boundary between white and 
gray. So, first vertical derivative mapwhich refers to the 
location of structure gap isn t reflected. 
From Figure 11, we found that the position, which is the 
estimated location of Kegofault, islocated at the same 
position of the area which is the boundary between 
positive and negative.Additionally, in our research area, 
we found that the subsurface structure runs out from 
west to east. However, there is a possibility that the steep 
slope runs out because east side of this slope isn t 
measured by gravimeters. 
From Figure 12, the steep slope can be seen more clearly 
compared to the second-order residual map. We found 
that our research area is as high value as estimated 
location of Kego fault. 
 
THREE-DIMENSIONAL ANALYSIS 
We conducted Three-dimensional analysis by using 
prism model method (Cordell and Henderson, 1968) 
around the steep slope of the bouguer anomaly (Figure 
13). There are three layers, which are Quaternary layer, 
Paleognelayer and the granite layer.  Because this 
method can analyze only two-layer structure, we 
treatedPaleogne layer and Quaternary layer as one layer 
and we conducted the Three-dimensional analysis. 
Aaverage  densitiesof thePaleogne and Quaternary 
layer and the granite layer were assumed as 2.3g/cm3 
and 2.7g/cm3,respectively (Schöne,2004). So the density 
contrast ( )of two-layerswas 0.4g/cm3.We 
conductedthe analysis by changing reference depth from 
100m to 800m and we decided a 600m model is the most 
suitable because this model is the most lowvalue of error 
between measured and calculated. Figure 14 shows the 
residual bouguer anomaly map, Figure 15 shows a 
calculatedbouguer anomaly map, Figure 16 shows a 
residual map between measured and calculated values 
and Figure 17 shows a model of three-dimensional 
subsurface structureobtained by the analysis. 
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Figure 13. The area of three-dimensional analysis 
 
Figure 14. Residual bouguer anomaly map in three-dimensional 
analysis 
 
Figure 15. Calculated bouguer anomaly map 
 
Figure 16. Residual bouguer anomaly map between measured and 
calculated values 
 
 
Figure 17. Thickness of Quaternary layer calculated from 
three-dimensional analysis 
 
From Figure 14 and Figure 15, we found that two maps 
are about the same. In Figure 16 which is the residual 
map between Figure 14 and Figure 15, this residual error 
is small and we determined that this three-dimensional 
structural analysis reproduced actual subsurface 
structure. In a circle area in Figure 16, there is big error 
but this is because we couldn t filter out 
short-wavelength components affected by the terrain 
factor of Mt. Atago.  
In Figure 17, granite was found in about 30m depth 
ground level in the south and in about 250~300m depth 
in the north. Therefore the depth of granite is 
approximately 200~250m deeper on the north side of the 
boundary than that in south. 
A circle in Figure 17 is the area where we had boring 
data (6 and 7 in Figure 9). The boring data show the 
granite depth in this point is about 10m, but Figure 17 
shows the granite depth is about 40-50m. We thought 
this reason is that the granite of this area is weathered 
and upper part of the granite became less dense. So, to 
check granite state in this point, we must collect more 
boring data in this area. 
 
SUMMARY 
As a result of densed gravity survey in the western part 
of Fukuoka city, we found a steep slope of bouguer 
anomaly which runs from west to east in the western part 
of Fukuoka city. And we also found out the slope is a 
boundary which divides the area into the granite layer in 
the south and the Paleogenelayer in the north. By the 
three-dimensional analysis (Cordell and Henderson, 
1968) of the subsurface structure in this area, we can 
estimate the depth of the granite,about 30m depth in the 
southern area and about 250~300m depth in the northern 
area. Therefore the depth of the granite is approximately 
200~250m deeper on the north side of the boundary than 
that in south. 
 
ACKNOWLEDGE 
This work was supported by the JSPS International 
Training Program (ITP). The author is grateful for 
financial assistance provided by ITP. 
 
REFERENCES 
Cordell L. and Henderson R.G., Iterative 
Three-Dimensional Solution of Gravity Anomaly 
DataUsing a Digital Computer, Geophysics 
168   Taiki Arima et al. /  Procedia Earth and Planetary Science  6 ( 2013 )  163 – 168 
33(4),pp.596-601(1968). 
Karakida, Y., Tomita, S.,Simoyama, S., and Chijiwa, K., 
Geology of the Fukuoka district.With geological sheet 
map at 1:50,000, Geological Survey of Japan, pp.1-192 
(in Japanese with English abstruct)(1994). 
Murata, Y.,Estimation of Optimum Average Surficial 
Density From Gravity Data: An Objective Bayesian 
Approach , Journal of Geophysical Research, 98, pp. 
12,097-12,109(1993). 
Nnishijima, J., A terrain correction program using 50m 
mesh digital elevation data, Geothermal and 
Volcanological Research Report of Kyushu 
Unniversity18, p35-38 (in Japanese with English 
abstruct)(2009). 
Research and evaluation committee for the Kego fault, 
research report of KEGO fault  result of Hamanomachi 
park trench investigation( 2009). 
Schöne, J.H.,Physical properties of rocks: 
Fundamentals and principales of petrophysics, Elsevier, 
pp.59-76 (2004). 
The Headquarters for Earthquake Research 
PromotionLong period evaluation of Kego fault, 
http://www.jishin.go.jp/main/chousa/07mar_kego/index
.htm(2007). 
